Introduction
Schwannomas are derived from Schwann cells and are rare in the digestive tract. Schwannomas can be found throughout the body along the peripheral nerves, but isolated schwannomas of the colon without associated neurofibromatosis are extremely rare among schwannomas in the digestive tract. The incidence of schwannoma in the intestine has been reported to be 2-6% of all submucosal tumors (SMTs) of the intestine [1] . The preoperative diagnosis of schwannoma is difficult, but the majority of schwannomas are benign. However, incompletely resected tumors occasionally transform into malignant ones [2] . Therefore, radical surgery is the standard treatment. Currently, laparoscopic surgery is widely applied as a minimally invasive technique for various colorectal diseases. Here, we describe a case of schwannoma of the ascending colon that was resected with laparoscopic right hemicolectomy.
Case Report
A 64-year-old woman with no past medical history and a family history of neurofibromatosis was referred to her local hospital for a routine health examination. On screening colonoscopy, a 5-cm SMT in the ascending colon was discovered. She presented to our hospital for further evaluation and treatment. Her physical examination was noncontributory and her laboratory data was unremarkable. Abdominal ultrasonography revealed a well-defined tumor 4 cm in diameter, close to the ascending colon. Barium enema showed deformity of the wall of the ascending colon, close to the ileocecum. Contrast-enhanced computed tomography showed a well-defined homogeneously enhanced tumor in the ascending colon ( fig. 1b ). Colonoscopy showed a 5-cm SMT in the ascending colon ( fig. 1a ). The differential diagnoses were gastrointestinal stromal tumor, lymphoma and leiomyoma.
We performed a laparoscopic right hemicolectomy with D2 lymph node dissection and a functional end-to-end anastomosis. The tumor, 50 × 30 × 25 mm in size, was covered by normal colonic mucosa of the ascending colon ( fig. 2a ). The tumor was whitish in color and located from the submucosa to the subserosa on the axial plane ( fig. 2b ). Histological findings of the hematoxylin-eosin-stained specimen revealed spindle-like tumor cells ( fig. 2c ). Immunohistochemical staining demonstrated lack of reactivity to CD117 (c-kit), CD34 and smooth muscle actin, with positive cytoplasmic reactivity to S-100 protein ( fig. 2d ). The MIB-1 index was <5%. Lymph nodes with no evidence of metastasis were identified. The histological diagnosis was benign schwannoma of the ascending colon. The patient's recovery was uneventful and she was discharged home on postoperative day 14. At the 4-month follow-up, the patient was doing well, without any evidence of recurrence.
Discussion
Schwannomas are neoplasms that originate from Schwann cells in the peripheral nerve of the limbs, neck and head [3] . Schwannomas in the digestive tract are rare, and schwannomas in the colon are extremely rare. The proportion of schwannomas among gastrointestinal mesenchymal tumors in the colon was about 3% [4] .
It seemed that a preoperative diagnosis of schwannomas is difficult to reach because these lesions appeared as SMTs, meaning that the mucosal biopsy specimens would likely be normal. Inagawa et al. [5] demonstrated that the rate of accurate preoperative diagnosis of benign schwannoma was only 15.2%. The diagnosis of schwannomas through histopathological examination of hematoxylin-eosin-stained specimens is not accurate enough. Therefore, immunohistochemical analysis is required for increased accuracy. A diagnosis of schwannoma is considered if positive expression of S-100 protein and negative expression of c-kit, α-smooth muscle actin, CD34, desmin and cytokeratins are observed [6] .
Recently, endoscopic ultrasonography-guided fine needle aspiration (EUS-FNA) with immunohistochemical analysis has been attempted to obtain a preoperative diagnosis of SMT. For gastrointestinal stromal tumors, the reported preoperative diagnostic accuracy of EUS-FNA, assessed using immunohistochemical analysis of surgically resected cases, ranged from 91 to 100% [7, 8] . The accuracy of diagnosis using EUS-FNA with immunochemistry is excellent, but the accuracy of preoperative diagnosis can be increased. It cannot be used to distinguish benign or malignant behavior because tumor malignancy is based on the Ki-67 labeling index (MIB-1), whereby highly reproducible immunopositivity for MIB-1 indicates malignancy [9] . MIB-1 was <5% in this case.
Complete local excision with a sufficient surgical margin is generally considered to be the correct treatment of colonic schwannomas because the risk of malignant transformation is extremely low [5] . However, if the preoperative diagnosis is unknown, radical resection with lymphadenectomy is acceptable for schwannomas because of the possibility of malignancy. In addition, Braumann et al. [10] suggested that in the absence of an adequate preoperative diagnosis, the extent of excision should be determined by the characteristics of the tumor, such as size, location and consistency.
Regardless of the stage of colon cancer, randomized trials of laparoscopic versus open surgery for colon cancer showed no difference in overall survival, intraoperative complications, postoperative complications, and so on [11] [12] [13] . A randomized trial of laparoscopic versus open surgery for SMT of the colon has not been conducted because the occurrence of SMT in the colon is low. If malignancy is suspected, radical resection with lymphadenectomy would be performed. In the present case, we could not obtain a preoperative diagnosis of schwannoma and confirmation of its benign status. Therefore, we performed laparoscopic right hemicolectomy with lymphadenectomy because there was a slight possibility of malignancy. The histological diagnosis was benign schwannoma of the ascending colon.
In conclusion, laparoscopic surgery is acceptable and useful for schwannomas of the colon, almost all of which are benign tumors. Fig. 2. a The resected specimen showed a SMT in the ascending colon, with dimensions of 50 × 30 × 25 mm. b The tumor showed a whitish fibrotic and firm cut surface without definitive hemorrhage or necrosis. c The tumor was composed of whorled arranged spindle cells (hematoxylin-eosin staining, ×40). d The tumor showed immunoreactivity to S-100 (×40).
